Summary Diets high in animal fat and protein and low in fibre and calcium are thought to be factors in the etiology of colorectal cancer. Intakes of these nutrients were determined in three groups participating in a randomised trial of faecal occult blood (FOB) screening. A diet history was obtained by interview from 147 patients with colorectal adenomas, 153 age and sex matched FOB-negative controls (a) and 176 FOB-positive controls without colorectal neoplasia (b). Unconditional logistic regression was used to estimate relative risks (RR) and 95% confidence limits (t) adjusted for age, sex and social class.
Summary Diets high in animal fat and protein and low in fibre and calcium are thought to be factors in the etiology of colorectal cancer. Intakes of these nutrients were determined in three groups participating in a randomised trial of faecal occult blood (FOB) screening. A diet history was obtained by interview from 147 patients with colorectal adenomas, 153 age and sex matched FOB-negative controls (a) and 176 FOB-positive controls without colorectal neoplasia (b). Unconditional logistic regression was used to estimate relative risks (RR) and 95% confidence limits (t) adjusted for age, sex and social class.
After adjustment for total energy intake, no associations were found with total, saturated or monounsaturated fat, or calcium intake. For total fibre intake there were non-linear relationships with both control groups with the crude RR for highest quintiles of total fibre intake compared to the lowest being 0.6, although this pattern was no longer apparent after adjustment for energy intake with group (a). In comparison with group (b) cereal fibre intake showed a more consistent inverse relationship with adenoma prevalence with the RR for ascending quintiles of intake being 1.0, 0.7 (0.3-1.6), 0.5 (0.3-1.1), 0.7 (0.4-1.4) and 0.3 (0.1-0.6) (trend x2 = 8.80, p = 0.003). In comparison with group (a), the adjusted RR for the highest quintile of cereal fibre intake compared with the lowest was 0.6, but no clear trend was apparent. There was an unexpected positive relationship between adenomas and polyunsaturated fat intake with the RR for having an adenoma being 1.0, 2.8 (1.3-6.1), 1.6 (0.7-3.4) , 3.5 (1.6-7.5) and 2.3 (1.1-5.0) for ascending quintiles of polyunsaturated fat intakes (trend x2 = 4.8, P = 0.03) in comparison with group (a) only.
Our data, while providing no support for the role of dietary animal fat or protein, do support the protective role of dietary cereal fibre in the etiology of colorectal adenomas.
High intakes of animal fat and protein (Wynder & Shigematsu, 1967; Drasar and Irving, 1973) , and low intakes of fibre (Burkitt, 1971) and calcium (Newmark et al., 1984) have been postulated to increase the risk of colorectal cancer. However, the role of these nutrients has not been clarified in analytical epidemiological studies (Zaridze, 1983; Willett, 1989a) . As it is generally accepted that colorectal carcinomas develop from adenomatous polyps, studies of subjects with these precursor lesions should lead to the identification of factors involved in the development of colorectal cancer. We have therefore investigated the relationship between diet, in particular dietary fat, protein and fibre and asymptomatic colorectal adenomas in subjects identified in a trial of faecal occult blood screening.
Material and methods

Recruitment of subjects
Subjects were recruited from amongst those performing faecal occult blood (FOB) tests administered in a trial of screening for colorectal cancer in Nottingham, described elsewhere (Hardcastle et al., 1989 (Paul & Southgate, 1978) .
In addition to the nutrients about which we had specific hypotheses, we considered total energy intake as an important potential confounder (Willett, 1989b, pp , the sources of protein and fibre, and the different types of fatty acid.
We also asked subjects about the frequency of consumption of certain foods which might be markers of 'healthy eating' as exemplified by the National Advisory Committee on Nutritional Education report (1983) . These were chicken and fish as markers of lean meat consumption, yoghurt and fruit as markers of 'high fibre' diets and beef, cheese and biscuits as markers of a diet high in fats. As possible markers of fat intake, we also asked about grilled or fried foods preference, fat consumption compared with that of the spouse, fat eaten on different meats, consumption of chips and the use of fat in cooking them.
Repeatability
Agreement in tertile ranking between the diet history interview used and a validated questionnaire completed either 4 to 6 weeks before or four to six weeks after the diet history interview was found to be 58% for fibre, 53% for fat and 49% for calcium (Jackson et al., 1990) . In addition, 34 subjects (16 men) had repeat interviews in the same periods in each year and by the same interviewer. The correlation between reported intakes of fat was 0.58, of protein 0.47, and of fibre 0.81 (Table I) . Adjusting for any correlation between nutrient intakes and overall reported intake had little effect except for fat. Correlations between reported intakes of most of the other nutrients were of the order of 0.6-0.8. Poor agreement (r = 0.23) was observed for cruciferous vegetables and for cholesterol (r = 0.25) after adjustment for total energy intake. Seven subjects reported a change in intake between interviews; three a change in fibre intake and four a change in fat intake. The overall measures of agreement were little changed when these subjects were excluded.
Analysis
For the analyses involving specific nutrients, quintiles for each factor were formed for the total number of subjects in each set of comparisons (Hsieh et al., 1991) .
The relative risk estimates (RR) are odds ratios as calculated by the Mantel-Haenszel technique using the SEARCH package and by unconditional logistic regression, using the GLIM package (Baker et al., 1985) with routines developed by Maisonneuve et al. (paper submitted). Adjustment for age, sex and socioeconomic status was made in all analyses, thus obviating the need for a matched analysis (Rothman, 1986) , and the consequent loss of data from incomplete matched pairs. However, a matched analysis was also performed using the 129 mat- (Willett & Stampfer, 1986) . The chisquare test for trend was applied where appropriate. The goodness-of-fit of the logistic regression models was assessed by the test described by Hosmer and Lemeshow (1989) . An adequate fit was obtained for all but one of the models (see Table IV ) reported in this paper. We also investigated associations with adenomas defined by size, histological type (tubular only or with villous elements) and multiplicity. As FOB positive controls with inflammatory bowel disease, diverticular disease or coeliac disease might have changed their diet, we repeated the analyses based on the FOB positive group with these subjects excluded.
Results
Composition of the study groups Between January 1981 and June 1988, 606 trial subjects were found to be FOB positive. In 222 a polyp, though to be adenomatous, was found. Of these, 29 could not be approached because they had either died, moved away or were regarded as unfit to be interviewed. Of the remaining 193, 169 (88%) were interviewed but in 22 the polyp was either not retrieved (9) or not adenomatous on histological examination (13).
Of the other 384 FOB positive subjects, 68 had cancers, 62 were randomly excluded for logistic reasons from two practices which had used an FOB test giving a high false positive rate (Armitage et al., 1985) and 37 could not be approached for reasons similar to the cases. Of the remaining 217, 176 (81 %) were interviewed.
Of the FOB negative subjects initially identified 41 could not be approached and were replaced because they had either died (7), moved away (11) or were regarded as unfit to be interviewed (23). Of the 169 eventually approached 153 (91%) were interviewed.
The socio-demographic characteristics of the groups are summarised in Table II. Although not statistically significant, the distributions according to the socio-economic status associated with the job held for the longest period differed between cases and FOB negative controls. When adjustment was made for this measure, no associations with other measures of socio-economic status based on the occupational data were found. There were no notable differences between the groups in mean school leaving age, level of education since leaving school, marital status, length of residence in the Nottingham area or place or birth.
Size, histological type and multiplicity of adenomas Of the 122 subjects in whom the site of the adenoma was recorded, in 96% the adenomas were located in the descending colon, rectosigmoid or rectum. The adenomas were recorded as being less than 1 cm in maximum diameter or 'small' in 42 cases, as 1-1.9 cm or 'medium' in 70 cases, and as 2 cm or more in maximum diameter or 'large' in 30 cases.
For the 34 cases with more than one adenoma, size was categorised according to the size of the largest adenoma. In 75 cases adenomas were tubular only, while 72 had at least one villous or tubulovillous adenoma. (38) 13 (9) 26 (18) 22 (15) 37 (25) 35 (24) 14 (10) 66 (7) 65 (7) 67 (8) 11 (8) 16 (11) 30 (20) 54 (37) 25 (17) 3 (2) 8 (5 (7) 65 (7) 68 (7) 6 (4) 29 (19) 41 (27) 55 (36) 13 (9) 3 (2) 6 (4) (21) 41 (23) 35 (20) 31 (18) 9 (5) (a)vs(c) 9.29, P =0.10 63 (7) 63 (7) 64 (8) 8 (5) 24 (14) 38 (22) 65 (37) 30 (17) 4 (2) 7 (4) (a)vs(c) 2.11, P=0.91
Diet
The estimated crude daily intakes of energy, fat, protein and fibre and subtypes of the latter, are presented in Table III . The median proportion of energy intake from fat ranged from 32.2% in the first quintile to 47.5% in the fifth quintile for cases and FOB negative controls combined; for cases and FOB positive controls, medians were 30.3% and 47.5% respectively. For total protein, the medians were 10.4% and 15.7% for cases and FOB negative controls combined, 10.6% and 16.8% for cases and FOB positive controls. For cases and FOB-negative controls combined, the median intake of energy from carbohydrate was 38% in the first quintile and 54% in the highest quintile; similar values were found for cases and FOB-positive controls combined. The distributions of retinol and vitamin C were non-normal; in subsequent analysis, a logarithmic transformation was applied.
Fat
As shown in Table IV , no association was found with reported intake of total fat, saturated fat or monounsaturated fat, after adjustment for age, sex, social class and total energy intake. In the comparison with FOB-negative controls, an unexpected significant positive association with polyunsaturated fat was found. This positive association was also evident in a matched analysis and when separate analyses were carried out for men and woman. By contrast, a reduced risk of adenomas was associated with the upper four quintiles of intake in the comparison with the other control group; there was no significant trend. This positive association with polyunsaturated fat was found for all subgroups of cases except those with small adenomas only.
Protein
No association with total protein intake, protein of vegetable or animal origin or specifically from meat, was found in the comparison with FOB-negative controls. A statistically significant inverse association with total protein intake was found in the comparison with the other control group (Table  IV) . This inverse association was also apparent when separate analyses for each sex were carried out, and remained statistically significant for men. The inverse association with total protein found in the comparison with FOB-positive subjects was apparent for all of the subgroups of cases.
The inverse association apparent in the comparisons with FOB-positive subjects was also found for protein from animal sources (chi-square for trend = 5.07, P = 0.024). No significant association with protein from vegetable sources was found, although the relative risk for the highest quintile of intake was 0.5. No association with protein from meat was found.
As FOB-positive controls with symptomatic diverticular disease (12 subjects), inflammatory bowel disease (12 subjects) or coeliac disease (one subject) might have altered their diet, we repeated the analysis with these subjects excluded but this had little effect.
Totalfibre
In the comparison with FOB-negative controls the crude RR for the highest versus the lowest quintile was 0.6 but the relationship was non-linear. No association with intake or total fibre was apparent after adjustment for age, sex, social class and energy intake (Table V) or in a matched analysis.
In the comparison with FOB-positive controls, an inverse association was also found, but this was not statistically significant either in the crude analysis or after adjustment for age, sex and social class. The relative risk estimates did not change markedly when FOB-positive controls with symptomatic diverticular disease, inflammatory bowel disease or coeliac disease were excluded.
Cerealfibre
No clear association with cereal fibre was found in the comparison with FOB-negative controls, although the adjusted RR for the highest quintile of intake was 0.6 (Table  V) . However, in the comparison with FOB-positive subjects, a strong inverse association was found. Adjustment for energy intake had little effect on the RRs, and increased the value of the trend statistic. The inverse association was ap- 17 aThe medians of the first and fifth quintiles of cases and FOB positive subjects are not presented as they are similar to those for cases and FOB negative controls combined. bThe distribution of fat and protein, and subtypes of these, have not been adjusted for energy in this tabulation. cOne case, one FOB negative control and three FOB positive subjects reported that they did not eat meat. These subjects were allocated to a separate category; the quintiles relate to consumers. dOne FOB negative control and two FOB positive subjects reported that they did not eat cruciferous vegetables. These subjects were allocated to a separate category; the quintiles relate to consumers. parent for men and women when separate analyses for each sex were carried out, and remained statistically significant for men. The RRs were changed little by exclusion of subjects with symptomatic diverticular disease, inflammatory bowel disease or coeliac disease, and the trend remained significant (X2 = 5.24, P = 0.022). The inverse association was apparent for all subgroups except for cases with large adenomas and was statistically significant for medium adenomas, small adenomas, and tubular adenomas.
In the comparison with FOB positive subjects, the inverse association with total protein was diminished and no longer statistically significant, and that with protein from vegetable sources was no longer apparent, when cereal fibre was included in the model. The inverse associations with animal protein and with cereal fibre remained statistically significant when both were included in the model; no interaction was found.
Calcium and related nutrients
No association was found with reported intake of calcium or phosphorous. In the comparison with FOB negative controls only, a positive association with vitamin D was found (X2 for trend = 4.38, P = 0.04, after adjustment for age, sex, social class, total energy intake and year of notification); the association was no longer apparent when polyunsaturated fat was included in the model.
Other nutrients
No association was found with reported intake of cholesterol, retinol, carotene, vitamin E, carbohydrate, cruciferous vegetables or iron. In the comparison with FOB positive subjects only, an inverse association was found with vitamin C (X2 for trend = 5.77, P = 0.02, after adjustment for age, sex, social class, year of notification and year of interview). This association did not persist after adjusting for intake of cereal fibre.
Frequency of consumption of the 'marker'foods There was no association between adenomas and frequency of eating beef, chicken, fish, biscuits, yoghurt or fruit. This was found also for cheese, except that subjects who ate these less than once a month were at an increased risk compared with more frequent consumers. Compared with subjects eating cheese more often than once a month the RR was 2.8 (95% confidence interval 1.1-7.1) in the comparison with FOB negative controls and 2.3 (95% confidence interval 1.0-5.1) in the comparison with the other group.
Markers offat intake
In the comparison with FOB negative controls, there was no difference in risk between those who preferred mainly grilled foods, mainly fried foods, or those who indicated no particular preference. However, in the comparisons with FOB positive subjects, the RR was 2.1 (95% CI 1.1-4.4) for subjects whose preference was mainly for fried food, and 1.7 (95% CI 0.95-3.2) for those with no particular preference. Amongst married subjects, there was no increase in risk in subjects who reported that they ate more fat than their spouse. In the questions about how much fat subjects ate on different meats, the risk of adenomas in subjects who reported that they ate no fat were similar to those of subjects who reported that they ate most or all the fat on each of the meats considered. aThe model in which the five quintiles of intake of polyunsaturated fat were treated as levels of an ordinal variable provided a poor fit to the data. Exclusion of one subject resulted in an adequate fit but had little effect on the value of the chi-square for trend. aThe cut points between quintiles in the comparison with FOB negative controls were 18.4, 23.4, 28.0 and 33.9 g day, and in the comparison with FOB positive subjects they were 19.2,24.5,28.3 and 33.9 g day. bAge, sex, social class and total energy intake. cAdjusted for age, sex, social class and interactions between age and sex, age and social class. dThe cut points between quintiles in the comparison with FOB negative controls were 4.2, 5.7, 9.2 and 11.8 g day, and in the comparison with FOB positive subjects, they were 4.7, 6.6, 9.2 and 11.8 g day. 'Two FOB positive subjects reported that they did not consume any cereal fibre; they have been excluded from the analysis.
Discussion
The results of the present study do not support the hypothesis that the risk of developing colorectal adenomas increases with increasing intake of animal fat or protein.
No association with total fat, saturated fat or monounsaturated fat was found in comparison with either control group. There was no evidence of a positive association with total protein or specific sources of protein; indeed, a significant inverse association with both total protein and protein from animal sources was found in the comparison with FOB-positive subjects. A significant inverse association with cereal fibre was apparent in the comparison with FOB-positive subjects.
There was a significant positive association with polyunsaturated fat in the comparison with FOB-negative controls. Before comparing these findings with those of previous studies, we first consider certain aspects of the design and methods of the present study. One of the strengths of the present study is that it relates to subjects with asymptomatic adenomatous polyps. In many previous studies, subjects with colorectal adenoma have been identified as a result of gastrointestinal symptoms which in the majority are unrelated to the presence of the adenomas and are probably functional. The proportion of cases with small adenomas is likely to have been substantially lower in the present study that in other studies. For example, the proportion of cases whose largest adenoma was less than 1 cm in maximum diameter was 30% in the present study, in contrast to 66% in the study of Macquart-Moulin et al. (1987) . Therefore, our study should have had greater power to detect associations with large adenomas, which are the most likely to be associated with malignant changes (O'Brien et al., 1990; Gatteschi et al., 1991; Chantereau et al., 1992) .
Control subjects were recruited among participants in a trial of FOB screening. Thus, the study was free of the selection bias arising with use of hospital controls. Selection bias associated with compliance with screening should have affected case and control groups equally. It is likely that a proportion of the FOB negative control subjects had adenomas. Inclusion of the second control group, comprising FOB positive subjects in whom no adenoma or carcinoma was found was specifically for the purpose of assessing the consistency of association in comparison with groups in whom polyps could be excluded with a high degree of certainty and one in which the presence of polyps could not be excluded. One possible explanation for the inconsistency of some findings in comparison with the two sets of controls is that FOB positive subjects in whom no adenoma or carcinoma was found were atypical of the general population. For most of these subjects, the reason for the positive test result was not apparent. In an earlier study, the proportion of these subjects who had upper gastrointestinal symptoms at the time they completed-the FOB test was low, and in follow-up of 269 subjects free of these symptoms for a median period of 5 years, only five were referred for investigation of symptoms which had developed since the patients were screened, all of whom had benign upper gastrointestinal conditions (Thomas & Hardcastle, 1990) . In the present study, 12 (7%) of these subjects had inflammatory bowel disease and 12 had diverticular disease.
The difficulties of assessing past diet are well known. Nevertheless, the correlation coefficients for intakes of specific nutrients reported at the original and repeat interviews (Table I) were similar to those reported in other studies (Willett,, 1989b, p96) . Elsewhere, we have shown that the agreement between the diet history interview used in the present study and a validated self-completed questionnaire for intakes of total fat, fibre and calcium was similar to that in previous studies (Jackson et al., 1990 ). In addition, only three subjects volunteered that they had changed their diet since notification of the test result, one FOB negative control and two FOB positive subjects.
The sole positive association found was for polyunsaturated fat in the comparison with FOB negative controls. No such association has been found in the other studies in which (Macquart-Moulin et al., 1987; Giovannucci et al., 1992) and it is quite possible that this is a chance finding.
Inverse associations were found with total protein, both animal and vegetable protein sources, and with cereal fibre, but only in comparison with the FOB positive controls. The association with protein from vegetable sources was no longer apparent when cereal fibre was included in the model, reflecting the high correlation (r = 0.61) between intakes of the two nutrients. The inverse associations with animal protein and cereal fibre remained significant when both were included in the model. The association with protein is difficult to interpret as there is no evidence of any relation in comparison with the FOB negative controls, whereas the lower relative risk associated with the highest quintile of cereal fibre intake is apparent in the comparison with both control groups. The inverse associations apparent in the comparison with FOB positive controls remained when 25 subjects with symptomatic inflammatory bowel disease, diverticular disease or coeliac disease at the time of screening were excluded.
Our results are compared with those of previous studies relating to nutrient intakes in Table VI . No consistent pattern has been found and the comparison is complicated by substantial differences in the definition and methods of ascertainment of cases, the nature of the control group considered, the nutrients considered and the methods of assessing dietary intake and the methods of statistical analysis.
Only in two studies has a significant association with total fat been found (Hoff et al., 1986; Giovanucci et al., 1992) . However, in the analysis of Hoff et al., fat intake was assessed as a percentage of total energy intake (the nutrient density technique). The energy intake of cases with adenomas 5 mm or larger was substantially lower than that of controls. Hence, the positive association with total fat found in their study may be an artifact, as nutrient densities tend to be associated with disease in the direction opposite to that of total energy intake (Willett, 1989b pp. 258-261) . The association with total fat found in the study of Giovannucci et al. is largely accounted for by saturated fat. Positive associations with this nutrient have also been found in two other studies (Macquart-Moulin et al., 1987; Neugut et al., 1990) although in both studies some or all cases were symptomatic.
With regard to protein intake our finding of no association is consistent with all but one (Macquart-Moulin et al., 1987) of the previous studies. Lack of, or inverse association with fat and protein is consistent with a large Japanese study in which frequency of consumption of certain food groups were compared between cases with symptomatic adenomas and population-based controls (Kato et al., 1990) .
The associations with total fibre intake have been inconsistent. The median intake of fibre was somewhat higher than that reported in the studies of Macquart-Moulin et al. (1987) and Giovannucci et al. (1992) , in both of which an inverse association with high fibre intake was found, but the variability of intake was similar between the studies. Willett (1989a) observed that in all eight case-control studies of colorectal cancer in which the source of fibre were examined separately, grain fibre or cereal intake was either unrelated or positively associated with the disease, whilst intake of fibre from fruits and vegetables was protective, an effect also observed in two additional case-control studies. He suggested that agents other than specific fractions of fibre might account for this protective effect. In our study, the association with protein from vegetable sources and vitamin C apparent in the comparison with FOB-positive controls only was no longer apparent when cereal fibre was included in the model. No association with retinol, carotene, vitamin E or cruciferous vegetables was found, in general agreement with previous studies (Hoff et al., 1986; Macquart-Moulin et al., 1987; Neugut et al., 1988 Neugut et al., , 1990 . No association with frequency of consumption of fresh fruit was found. Thus, our finding of an inverse association with cereal fibre in the comparison with FOB-positive subjects cannot be attributed to fruits and vegetables.
Conclusion
So far, studies of diet and colorectal adenomas have not provided consistent evidence of increasing risk with increasing intake of animal fat or protein, or of protective effects of dietary fibre or calcium. It is not clear how far this reflects differences in study methods and in particular the difficulty of assessing diet, or how far this reflects the low malignant potential of colorectal adenomas as ascertained in these studies.
